The presence of fibroblast growth factor-like protein has been investigated on cryostat sections from Sprague Dawley rat cochleae and auditory brainstem nuclei of various neonatal stages by indirect immunofluorescence and immunoperoxydase techniques with an antibody directed against the 1-24 amino-acid sequence of brain derived basic FGF. bFGF-like immunoreactivity could already be detected in the neonatal cochlea at the hair cell level and in spiral ganglion neurons. Intraganglionic spiral bundle was not immunoreactive. In the brainstem, FGF was localized in the cochlear nucleus and in the superior olivary complex. Since spiral ganglion and cochlear nucleus neurons are labelled, it is possible that bFGF is one of the trophic factors involved in cochlear innervation of receptors and more specifically to afferent innervation.
Introduction
The onset of auditory innervation is complex and presents phases of growth, differentiation, cell death, plasticity and survival that may be mediated by several growth factors. In vitro studies of the otocyst have suggested that trophic interactions might occur between cochleovestibular ganglion cells and their target, the auditory hair cells (1, 2, 3) . The differentiating hair cells might provide trophic cues for directing the ingrowth of stato-acoustic ganglion dendrites (4, 5) . The most fully characterized trophic factor that can locally control the extension of the peripheral ganglion cells processes is the nerve growth factor (NGF) (6, 7, 8) and recent evidences suggest that NGF may play a role in the development of the auditory innervation. NGF-like immunoreactivity has been detected in hair cells of the rat organ of Corti during the postnatal period (9) and NGF-receptor (NGF-R) has been localized in cochlear and brainstem structures related to the efferent auditory innervation (10) . In vitro experiments have shown that during the early development of the inner ear, NGF could be implicated in the survival of cochleovestibular ganglion neurons (1 1).
Basic fibroblast growth factor (bFGF) has been established as a potent neurotrophic protein. It occurs in the brain (12, 13) and promotes in vitro survival of several embryonic peripheral and central neuron populations (14, 15, 16) . bFGF has also been shown to increase choline acetyl tranferase expression in cultured septa1 neurons (17) and bFGF perfusion into cerebral ventricles rescues fimbria-fornix transected basal forebrain cholinergic neurons (18) .
The purpose of this work is to evaluate the possible presence of bFGF in the cochlea and in the auditory brainstem nuclei of the postnatal rat.
Materials and Methods
The study was carried out, on at least 5 animals at each stage, at birth (PDO) and postnatal day 3 (PD3). Animals were decapitated, cochleae and auditory brainstems (slice of brainstem containing cochlear nucleus and superior olivary complex) were quickly dissected and fixed for one hour in 4%
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1992134 paraformaldehyde in phosphate buffered saline (PBS). Afler several washes in PBS, organs were cryoprotected overnight in a bath of 20% sucrose in PBS and serially sectionned at 10 pm on a freezing microtome.
Primary rabbit antibody against the fraction 1-24 of the brain bFGF was provided by Dr A. Baird. The sections were incubated overnight with this antibody, diluted 11200 in 5% normal goat serum, 0,1% saponin in PBS, and rinsed 3 times in PBS. Brainstem sections were treated with biotinylated goat anti-rabbit IgG antibody (Sigma) diluted 11400 in PBS for one hour, rinsed in PBS, incubated with Extravidin-peroxydase complex (Sigma) diluted 11800 in PBS for one hour, rinsed in PBS, immersed in 0,05% DAB/O,Ol% H202 in PBS solution for 7 min, rinsed, dehydrated and mounted. Sections of the cochlea were incubated in rodamine labelled goat anti-rabbit IgG antibody (Sigma) diluted 11200 in PBS for two hours, rinsed in PBS, mounted in 50% Glycerol in PBS. Controls of specificity were carried out by routinely omitting anti-bFGF antibody or by absorbing it overnight with an excess of fraction 1-24 of bFGF (Peninsula Laboratories).
Results
During the neonatal period, a faint bFGF-like imrnunoreactivity is well visible in the cytoplasm of inner hair cells and in fibers that reach the sensory epithelium (Fig. 1) . A stronger irnrnunostaining affects the cytoplasm of spiral ganglion neurons, but intraganglionnlc spiral bundle (IGSB) fibers are not reactive (Fig. 2) . In the Scarpa's ganglion, vestibular ganglion neurons are strongly positive (Fig. 3) .
In the brainstern, bFGF-like labelling is seen on numerous cell bodies in the central region and granular part of the ventral cochlear nucleus (VCN) (Fig. 4) , in the dorsal cochlear nucleus (not shown), in some auditory nerve fibers (Fig. 4) . Some perikaria are stained in the superior olivary complex (SOC) (Fig. 5) . Several other structures such as vestibular nuclei, facial nucleus and trigeminal motor nucleus were also immunostained (not shown).
No lmmunostaining was observed when primary antibody was omitted or immunoabsorbed with 1-24 bFGF.
Discussion
Present results show for the first time the presence of bFGF-like protein in the lower auditory tract during the neonatal period. Our control tests confirm the specificity of the antibody utilized and reported by others (19, 20) . Previous findings (14, 15, 16, 17, 18) have suggested that bFGF could act as a neurotrophic factor. In the neonatal cochlea the labelling of inner hair cells and spiral ganglion neurons could indicate that bFGF might be produced by the sensory epithelium and might assume the maintenance of primary afferent auditory neurons. These neurons, which do not seem NGF dependent at this stage, could need another factor essential for their development andlor survival, ie: bFGF. However, the demonstration of bFGF transpotl from target tissue to the neuron by neuronal extensions remains to be established in the nervous system. Question is raised by the different staining observed between inner and outer hair cells, even though they have, at this stage, a similar afferent innervation pattern (21) . This difference may be related to variation of maturity between the two types of receptors.
In the brainstem, bFGF is widely distributed in various nuclei. Most stuctures in relation to the inner ear are immunoreactive. A large distribution of FGF-receptor (FGF-R) mRNA have also been reported in the adult rat brain (22) .
VCN cell bodies are bFGF immunoreactive and this seems to be correlated with the presence of bFGF-R mRNA in the VCN in the adult rat (22) . This nucleus also expresses NGF-R protein (10, 23) and NGF-R mRNA (24) but we do not yet know if expressions of these growth factors are related to the same cells.
Efferent fibers, which come from SOC through the IGSB, are not labelled by bFGF antibody, even though some neurons in the SOC express bFGF. A recent study with the same antibody, reports the presence of bFGF staining in the SOC of the rat at PD 28 and adult stage (20) . in a previous report (10) NGF-R has been localized in IGSB and-SOC during this period and we have suggested that cholinergic efferent system could be NGF-dependent.
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JOURNAI. BE PMYSIQIJZ 1 V FGF has been shown to interact specifically with the excitatory neurotransmitter glutamate (25) . Since glutamate is one of the main neurotransmitters of auditory nerve fibers afferent to the VCN (26), localization of FGF-like immunoreactivity and FGF-R mRNA to the cochlear nucleus suggests that FGF and glutamate could act in the same cells.
Several interpretations can be proposed for the coexistence of bFGF and NGF-R in some auditory nuclei. It is possible that some sets of neurons require bFGF and others require NGF, or these two factors may address identical neuronal population as reported for septa1 neuron in vitro (17) . Another possibility is that some neurons are NGF-dependent and could need bFGF as an additional growth factor for their survival. Lastly, as suggested by the astrocyte model (27) , bFGF could stimulate the synthesis of NGF.
The results of this study indicate that bFGF is widely distributed in the lower audltory tract in the neonatal stage of the rat. Then bFGF may play a significant role in the development of the auditory system as well as in the regulation of neuronal maintenance and plasticity in the adult auditory system. The coexistence of bFGF and NGF-R in the brainstem auditory nuclei could suggest a complementary biological role for these two nervous growth factors.
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